Patients with schizophrenia have a substantially higher suicide rate than the general public. Early intervention (EI) services improve short-term outcomes. However, little is known about the association of EI with suicide reduction in the long term.
P atients with schizophrenia have a substantially higher mortality rate and suicide rate in particular than the general population.
1,2 A systematic review 1 suggested that the median standardized mortality ratio (SMR) for all-cause mortality among patients with schizophrenia was 2.58 (mean, 2.98) and the median SMR for suicide was 12.86 (mean, 43.47).
The lifetime risk of suicide among individuals with schizophrenia was 4% to 6%, 3,4 and the population-attributable risk of suicide was estimated to be 8.9% among those with schizophrenia. 5 The most accurate method to study the suicide rate would be to follow up patients with first-episode schizophrenia (FES) to avoid the selection bias of the survivors of the high-risk period immediately after the first admission. Such studies [6] [7] [8] are relatively limited.
Many studies 6, [8] [9] [10] [11] [12] [13] [14] have investigated the risk factors for suicide and suicide attempts in patients with schizophrenia. Previous systematic reviews suggested that past suicidal ideation, prior self-harm, previous depressive episode, substance misuse, poor drug adherence, and a high number of hospitalizations were risk factors for suicide attempts 9 and suicides 10 in patients with schizophrenia. Studies 6, 8, [11] [12] [13] [14] on the risk factors for suicide in first-episode psychosis (FEP) have reported that previous suicide attempts, substance misuse, young age, male sex, hopelessness, and depressive and psychotic symptoms at the first-and second-year follow-ups were significantly associated with subsequent suicide. Knowledge about risk factors can inform the service development to reduce the suicide rate. There has been an active development of the early intervention (EI) service for FEP worldwide, with an aim to improve the outcomes for patients with psychosis. 15 Despite the variation in the content of the EI services, most adopt an intensive integrated service model. Many studies have reported the benefits of an EI service in improving short-term clinical and functional outcomes, including randomized clinical trials [16] [17] [18] [19] [20] and historical control studies, [21] [22] [23] when the services were introduced as a regionwide program. Many studies 24, 25 found that an EI program reduced suicidal attempts, but few studies 6, 19, 20 reported a positive outcome on reduction of completed suicide. This finding was mainly because mortality and suicide are rare events, and therefore a considerably large sample size and long follow-up are required. With a 5-year follow-up period, the OPUS study, a randomized clinical trial with the largest sample size for a randomized clinical trial comparing outcomes of EI and standard care (SC) (n = 547), did not find any statistically significant difference in the mortality or suicide rate between the EI and SC groups. 6 A well-designed historical control study evaluating the long-term outcomes of a regionwide EI service can perhaps obtain a sufficient sample size to study the potential association of an EI service with the suicide rate. Hong Kong had a population of 6.7 million in 2001. The EI service in Hong Kong, Early Assessment Service for Young People With Psychosis (EASY), was established as a regionwide service in 2001 to provide 2-year phase-specific intervention to patients with FEP in the age range of 15 to 25 years. It is an assertive intervention provided by the key workers based on a specifically developed protocol, the Psychological Intervention Program in Early Psychosis. 22, 26, 27 The service retention rate was 87%. 28 The current study aimed to evaluate the association of the EI service with the suicide rate among patients with FES disorders during a 12-year period with a large representative sample in Hong Kong. Both short-and long-term associations were evaluated. Risk factors associated with early suicide (years 1-3) and late suicide (years 4-12) were explored separately. The results of the current study can enrich our understanding of the association of an EI service with the suicide rate and provide a direction for further service development.
Methods

Study Design and Sample Identification
A historical control design was adopted because the EASY 
Key Points
Questions Is an early intervention service associated with a reduction in the long-term suicide rate in patients with schizophrenia-spectrum disorders?
Findings In this historical control study of 1234 patients with first-episode schizophrenia-spectrum disorders (617 each in the early intervention and standard care groups), patients receiving a 2-year early intervention service had a significantly lower suicide rate during 12 years, with the main difference observed during the first 3 years.
Meaning An early intervention service may be associated with reductions in the suicide rate among patients with schizophrenia-spectrum disorders during their most vulnerable period, and the benefits may persist in the long term. 
Data Collection
Mortality Information All deaths within the cohort during the 12-year follow-up period were identified via the computerized CMS. The CMS is the centralized clinical database system for the public health care service, which is responsible for more than 90% of the hospital health care in Hong Kong. All clinical information, including mortality status, is recorded in the CMS. However, those who had emigrated and died abroad were not able to be identified. For all identified deaths, details, including the date, reason, and location of death, were obtained from the coroner's court report. Deaths caused by intentional self-harm and events of undetermined intent were coded as suicides.
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Demographic and Clinical Information All demographic and clinical information of 1234 patients during the initial 3 years was obtained from the CMS and written clinical records by trained researchers. Data were systematically retrieved each month for the first 3 years using a standardized data entry form based on operationalized definitions. For the patients in the EI group, this covered the 2-year EI service and the transitional year after the EI service facilitated the gradual transfer of patients to the general psychiatric service. The demographic variables included were sex, age, and years of education. The other baseline data obtained included diagnosis, premorbid occupational functioning, age at onset, duration of untreated psychosis (DUP), number of suicide attempts during DUP, and positive, negative, and affective symptoms at onset measured with the Clinical Global Impressions-Schizophrenia (CGI-SCH) scale. 30 Duration of untreated psychosis was defined as the period (in days) between the first appearance of psychotic symptoms and the use of successful psychiatric treatment as assessed by clinicians. Clinical information during the first 3 years included the number of hospitalizations, substance misuse, number of suicide attempts, number of relapses, medication adherence, clinical symptoms measured with the CGI-SCH scale, and mean defined daily dose 31 of antipsychotic medication. The baseline diagnosis was determined by the clinician on the basis of the
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision criteria using all available clinical information. Adherence to medication for each patient was given a score of 1 to 3 for each month, and a mean of 3 years was generated, with 1 indicating good adherence and 3 indicating poor adherence. Relapse was operationally defined as a change in the CGI-SCH scores from 1 to 3 or from 4 through 6 to 5 through 7, followed by hospitalization or adjustment of antipsychotic medication.
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Validity and Reliability Consensus meetings were conducted among the clinicians and researchers every 2 weeks during the data collection period for quality assurance. Validity and interrater reliability for major variables, including DUP and the CGI-SCH positive and negative scales, were evaluated using records of 12 patients with the intraclass correlation coefficient (ICC) comparing the clinicians and research staff. The test results (DUP: ICC = 0.78, CGI-SCH positive: ICC = 0.89, and CGI-SCH negative: ICC = 0.77) revealed a satisfactory level of concordance.
Statistical Analysis
The SMRs and 95% CIs for all-cause mortality and suicide were calculated. Details of the calculation of the SMR are reported in the eMethods in the Supplement. The McNemar χ 2 test was used to detect significant difference in suicides between groups. P < .05 (2-sided) was considered to be statistically significant.
Overall suicide survival was defined as the time between the entry point and the date of suicide death. The date of first presentation to the service was used as the entry point. Participants were censored if they did not die at the date of 12 years after the first presentation or if they died of causes other than suicide. Multivariable Cox proportional hazards regression accounting for correlated groups of observations 33 was used to model the overall suicide survival in the 2 treatment groups with a change point at year 3 to allow for different hazards before and after this point while adjusting for sex, age, age at onset, and years of education. To compare the survival differences between the 2 treatment groups, the propensity score approach with inverse probability weighting was used to reduce the bias of nonconcurrent samples. The details of the unweighted and propensity score-reweighted patient characteristics reported according to the brief guidelines 34 are given in eTable 2 in the Supplement. The propensity score-adjusted hazard ratios (HRs) for year 3 or earlier and later than year 3 for suicide were reported. The number needed to treat was calculated using a parallel group approach. 35 SPSS statistical software, version 23.0 (SPSS Inc) and R, version 3.3.2 (The R Foundation) were used for the statistical analysis. Cox proportional hazards regression accounting for correlated group analysis was used to explore the association between the demographic and clinical information and the time to suicide for years 1 through 3, years 4 through 12, and the entire 12-year period. Cox proportional hazards regression considers not only time to event information but also event censoring. Patients who died during the first 3 years were excluded from the analysis of the indicators of time to suicide during years 4 through 12. Last digit carry forward was used to manage any missing variables. All statistically significant variables were used for the multivariable Cox proportional hazards regression with backward selection accounting for correlated group analysis to determine the model significance with adjustment for treatment group.
Results
The Figure) .
Survival Analysis
A significant association of EI with suicide survival was observed during the 12 years (HR, 0.57; 95% CI, 0.36-0.91; P =.02) ( Table 2) . Kaplan-Meier plots for suicide survival are shown in the eFigure in the Supplement. The propensity scoreadjusted HRs for comparing overall suicide survival between the EI and SC groups were 0.32 (95% CI, 0.14-0.73; P = .007) for year 3 or earlier and 0.87 (95% CI, 0.48-1.58; P = .65) for later than year 3 (eTable 4 in the Supplement).
Risk Factors for Suicide
Patients with a high number of suicide attempts during DUP and the first 3 years of the intervention were more likely to complete suicide during years 1 through 3 ( Table 3) . The multivariable analysis revealed that the model with these 2 variables was significant (likelihood ratio test χ 2 = 20.06, P < .001) ( Table 4 ). Patients with impaired premorbid occupational functioning and a relatively high incidence of relapse and poor adherence during the first 3 years were more likely to complete suicide during years 4 through 12 (Table 3) . The model was statistically significant (likelihood ratio test χ 2 = 14.60, P = .006) ( Table 4) . For suicide during the entire 12 years, patients with a relatively high number of suicide attempts during DUP and the first 3 years and with poor adherence during the first 3 years were significantly more likely to complete suicide during 12 years (Table 3) . The model was statistically significant (likelihood ratio test χ 2 = 25.56, P < .001) ( Table 4) .
Discussion
The results of the current study suggest that patients who underwent a 2-year EI service had significantly fewer suicides and longer survival rates during 12 years than those who did not. The main association was observed during the initial 3 years. The suicide rates of the 2 groups were similar during years 4 through 12. Jumping from height was found to be the main suicide method, similar to that of the general population in Hong Kong. 36 The number of suicide attempts during the DUP and the initial 3 years were indicators of early suicide (years 1-3). Premorbid occupational impairment, number of relapses, and poor adherence during the initial 3 years of treatment were indicators of late suicide (years 4-12). Overall, patients who had more suicide attempts during DUP and the initial 3 years and had poor adherence were more likely to complete suicide during the entire 12 years. This is the first study, to our knowledge, to report the association of an EI service with the long-term suicide rate among patients with schizophrenia-spectrum disorders in a representative sample. Many studies 15, 37, 38 have reported that the risk of suicide was the highest during the early stage of psy- chosis. The suicide rate among patients with FEP was reported to be 2.7 times higher than that among patients with chronic conditions. 39 The 2-year SMR of suicide among the patients with FEP in a recent study 40 was reported to be as high as 81.91. The results of our study provide evidence that patients with schizophrenia-spectrum disorders who received EI service had a significantly lower suicide rate than those who did not during the most vulnerable period, with the effect maintained for 12 years. Suicide is a serious global public health concern. The overall suicide rate can be reduced by almost 50% if the suicide rate among individuals with mental illness were to be reduced to the level of that in the general population.
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Because schizophrenia was found to have the second highest population-attributable risk for suicide among patients with major psychiatric conditions, the implementation of an EI service can potentially make a significant contribution to the global effort of suicide reduction. Although the SMR of the suicide rate in the EI group was almost half of that in the SC group in the current study, it was still higher than the median reported in another study. 1 This finding reflects the need for further improvement of the local EI service.
In the current study, we found that a different set of risk factors contribute to suicides at different stages of illness. This finding highlights the importance of the different stages of schizophrenia as suggested in a previous study. 42 A history of suicide attempts during the pretreatment and the early treatment periods was found to be a significant risk factor for early suicide (years 1-3) and suicide during 12 years but not late suicide (years [4] [5] [6] [7] [8] [9] [10] [11] [12] . A history of suicide attempts has been consistently reported as an indicator of suicide in patients with FEP 37 and chronic illness. [8] [9] [10] [11] The significance of suicide attempts during the DUP period highlights the importance of shortening the DUP. The number of relapses and adherence during the first 3 years of treatment and premorbid occupational functioning were found to be significant indicators of suicide in the late but not the early stage. This finding agrees with the existing literature. 37, 43, 44 The results further emphasize that these factors during the early stage of the illness could specifically affect suicide at a later stage. Although the EI services have been implemented worldwide and improve the short-term outcomes of patients with psychosis, most studies 16, 18, 19, 45 did not find a positive effect on the reduction of relapses. This finding highlights the importance of strengthening the EI service with a specific focus on relapse reduction.
Strengths and Limitations
The main strength of this study is a relatively large representative sample studied for a long period, which allowed the study of both the short-and long-term association of the EI service with suicide. Because the EI service was a regionwide service, no concurrent comparison group was possible. However, measures to ensure the compatibility of the 2 groups were implemented in participant matching and statistical analysis. The reliability of the clinical information was limited by the quality of the clinical records and was likely to be different between the SC and EI groups, which may limit the interpretation of the findings. The retrospective nature of the study precluded the determination of causality of the EI on suicide reduction. Patients who had emigrated and died abroad could not be identified in the current study. Although 1070 patients (86.7%) had clinical activities in the recent year or future clinical appointments at the time of obtaining mortality information, suggesting that patients were likely to be residing locally, the number of suicides in the current study could be underestimated. The generalizability of the results of the study may be limited by the age range of the patients in the EI service and the restriction of the diagnosis and duration of treatment of patients before entering the study.
Conclusions
This study provides evidence to support the potential association of of an EI service with reduction in suicide during a 12-year period, with the maximum association during the first 3 years. Relapse and adherence during the early stage of the illness indicated late suicide. This finding highlights the importance of the further improvement of the EI model to effectively reduce the relapse rate. Different sets of risk factors were associated with suicide at different stages of illness, suggesting the importance of phase-specific intervention.
eMethods. Sample Matching Process
Early intervention (EI) and standard care (SC) group patients were individually matched based on age (+/-2 years), gender and diagnosis, 548 pairs were successfully matched. For unmatched EI patients, diagnosis was matched first and then gender. Two EI patients with psychosis not otherwise specified were matched with SC patients with diagnosis of schizophrenia.
Standard Mortality Ratio (SMR) calculation
The person-years-at-risk stratified by age range and gender was calculated based on the mortality rate of Hong Kong (The Mortality Trend in Hong Kong, 1981 to 2015) and the period of follow-up, which gave the number of expected deaths. The number of deaths observed for the same gender and age range in the study divided by the number of deaths expected provided the standardized mortality ratios. 
